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Post-hemorrhagic shock mesenteric lymph is an important contributor to cardiac
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ABSTRACT

PURPOSE: To evaluate whether post-hemorrhagic shock mesenteric lymph (PSML) is involved in cardiac dysfunction induced by
hemorrhagic shock.

METHODS: The hemorrhagic shock model (40+2 mmHg, 3h) was established in rats of the shock and shock+drainage groups; and
PSML drainage was performed from hypotension 1-3h in the shock+drainage rats. Then, the isolated hearts were obtained from the rats
for the examination of cardiac function with Langendorff system. Subsequently, the isolated hearts were obtained from normal rats and
perfused with PSML or Krebs-Henseleit solution, and the changes of cardiac function were observed.

RESULTS: The left ventricular systolic pressure (LVSP) and the maximal rates of LV developed pressure (LVDP) rise and fall (+dP/
dz ) in the shock and shock+drainage groups were lower than that of the sham group; otherwise, these indices in the shock-+drainage
group were higher compared to the shock group. In addition, after isolated hearts obtained from normal rats perfusing with PSML, these
cardiac function indices were gradual decline along with the extension of time, such as heart rate, LVSP, =dP/dz__, etc.
CONCLUSION: Post-hemorrhagic shock mesenteric lymph is an important contributor to cardiac dysfunction following hemorrhagic
shock.
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Introduction

Cardiac pump function plays animportantrole inmaintaining
blood flow dynamics and ensuring tissue perfusion. Cardiac systolic
dysfunction is a key link of aggravating microcirculation disorder
and causing other organ injuries following trauma, hemorrhagic
shock, endotoxic shock, and sepsis, etc., which is a major cause of
death' . Therefore, there is important theoretical significance and
practical value in exploring the mechanism of the cardiac dysfunction
for finding new intervention measures to prevent and control the
severe shock and multiple organ dysfunction syndrome (MODS)
or multiple organ failure. Increasing studies have demonstrated that
the post-hemorrhagic shock mesenteric lymph (PSML) return has
been implicated in the pathogenesis of MODS following severe
hemorrhagic shock*®. Our previous studies showed that blockage
of PSML return by mesenteric lymph duct ligation (MLDL) could
alleviate the myocardium injury in rats following hemorrhagic shock
with fluid resuscitation, and its mechanism was related to decreasing
free radical injury and inflammation’. Recently, Sambol et a/.® found
that the MLDL could prevent hemorrhagic shock-induced cardiac
contractile dysfunction, and PSML intravenous infusion into naive
rats induced myocardial contractile dysfunction’. Thus, the current
study further tests the hypothesis that PSML is involved in cardiac
dysfunction after hemorrhagic shock.

Methods

All animal procedures were reviewed and approved
by the Institutional Animal Care and Use Committee of Hebei
North University and conformed to National Institutes of Health
guidelines. All efforts were made to minimize suffering of animals.

Twenty-eight adult male Wistar rats, weighing 230-270g,
were purchased from the Laboratory Animal Breeding Center
of the Chinese Academy of Medical Sciences (Beijing, China).
Before the experimentation, the rats were fasted and allowed free

access to water for 12h.

Hemorrhagic shock model and PSML drainage

The eighteen rats were anesthetized with 1% pentobarbital
sodium (50 mg/kg). Under aseptic conditions, all of the rats received
femoral operations to separate the right femoral vein and bilateral
femoral arteries for anticoagulation, hemorrhage, and monitoring of
mean arterial pressure (MAP) as previously reported'®. Afterwards,
the rats received abdominal operation to separate the mesenteric

lymph duct from the surrounding connective tissues for the drainage
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of PSML. After an equilibrium period of 30 min, the rats were
randomly divided into the sham group, shock group (hemorrhagic
shock model), and shock+drainage group (hemorrhagic shock
plus mesenteric lymph drainage), n = 6 rats in each group. In the
shock and shock+drainage groups, the hemorrhagic shock model
was established with the method of hemorrhage through the
left femoral artery, and the MAP was maintained at a level of 40
mmHg for 3h by withdrawing or reinfusing shed blood as needed.
In the shock+drainage group, the mesenteric lymph drainage was
performed from 1 h to 3 h of hypotension as previously described',
the PSML were centrifuged at 315 g at 0—4°C for 5 min to remove
all cellular elements and flash frozen at —75°C in refrigerator
(Thermo Electron, Waltham, MA) for the further experimentation.
In the sham group, the rats were anesthetized and received the same
operation as described above, but did not undergo hemorrhage and
PSML drainage.

Measurement of cardiac function of isolated heart

from hemorrhagic shocked rats

After hypotension for 3 h in the shock and shock+drainage
groups or corresponding time in the sham group, under deeply
anesthetic conditions, the hearts were quickly excised from rats,
and then immersed in Ca**-free Krebs-Henseleit solution contained
(in mmol/L) 118.0 NaCl, 4.7 KCl, 1.2 MgCl,, 25.0 NaHCO,, 1.2
KH,PO,, 11.0 glucose, 2.5 CaCl,, pH 7.3-7.4; which was oxygenated
by bubbling with 95% O, and 5% CO,, at temperature of 0-4°C.

Subsequently, the blood in ventricle was discharged
through ventricular extrusion. And then, the ascending aorta was
cannulated, and the catheter was attached to a Langendorff system
(ADInstruments, Bella Vista NSW, Australia). The hearts were
perfused in a retrograde fashion with Krebs-Henseleit solution,
which was oxygenated by bubbling with 95% O, and 5% CO,.
The whole system was water jacketed and maintained at 37°C.

After a 15-min stabilization period, these indices of
isolated heart function, including the left ventricular systolic
pressure (LVSP), left ventricular end diastolic pressure (LVEDP),
heartrate (HR), and the maximum rates of left ventricular developed
pressure (LVDP) rise (+dP/dz ) and fall (-dP/dz ), were
assessed by measuring the intraventricular pressure with a fluid-
filled balloon (polyethylene film) that had been inserted into the
left ventricle via the mitral valve from the left atrium as previously
described®*!!. This balloon was connected to a pressure transducer
(ADlInstruments), LVDP was calculated as the difference between
the peak LVSP and LVEDP. And all parameters were analyzed off-
line using PowerLab software (ADInstruments).
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Experiments cardiac function of isolated heart from

normal rats perfused by PSML

The ten normal male rats were anesthetized and the
hearts were removed and perfused with Krebs-Henseleit buffer
as described above. After an equilibrium period of 20 min, the
isolated hearts were randomly divided into the control group and
PSML group, n = 5 hearts in each group. In the control group, the
isolated hearts were perfused with Krebs-Henseleit buffer. In the
PSML group, the isolated hearts were perfused with PSML of 4%
(V: V), which harvested from the hemorrhagic shocked rats in the
above experiment. According to the method as described above,
the isolated heart function was assessed at 0, 2, 5, 10, 15, and 20
min after perfusion with Krebs-Henseleit buffer or PSML.

Statistical analysis

Data are presented as the mean+SD and were analyzed

using SPSS version 16.0 software. One-way analysis of

variance was used to identify differences within three groups,
followed by Student-Newman-Keuls ¢ test was used to identify
differences between groups. In addition, the Independent-
Samples ¢ test was used to identify differences between the
control and PSML groups. Values of p <0.05 were considered

statistically significant.
Results

Role of PSML drainage on cardiac function of isolated

hearts obtained from hemorrhagic shocked rats

Figure 1 showed that the LVSP and +dP/dz__ of isolated
hearts obtained from the shock and shock+drainage groups were
significantly decreased, and HR was increased compared to the
sham group, respectively (p<0.05). Meanwhile, the LVSP and
+dP/d¢_ in the shock-+drainage group were increased than that
in the shock group (p<0.05). Moreover, there was no statistics

difference in LVEDP among three groups (p>0.05).
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FIGURE 1 — Role of post-hemorrhagic shock mesenteric lymph (PSML) drainage on function of isolated heart obtained from hemorrhagic shock rats
(mean+SD, n=6). A) Image of arterial blood pressure in isolated hearts. B) Image of =dP/dz_ in isolated hearts. C) Change of left ventricular systolic
pressure (LVSP) in isolated hearts. D) Change of left ventricular end diastolic pressure (LVEDP) in isolated hearts. E) Change of heart rate (HR) in isolated
hearts. F) Change of + dP/dz__in isolated hearts. G) Change of - dP/dz_ in isolated hearts. * p<0.05 vs. the sham group; “p<0.05 vs. the shock group.
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Role of PSML perfusion on cardiac function of

isolated hearts obtained from normal rats

Figure 2 showed the representative images of isolated
heart obtained from normal rats following perfusion with Krebs-
Henseleit buffer or PSML. There were no significantly changes
in LVSP, LVEDP, HR, and +dP/d¢__ levels in the control
group during perfusion with Krebs-Henseleit buffer (p>0.05).
Meanwhile, there were no statistical differences in cardiac

0 min 2 min 5 min

function indices before perfusion between the control and PSML
groups (p>0.05). In addition, in the PSML group, there were
downward trend in HR, LVSP, and +dP/d¢__,
LVEDP, and there were significantly differences at multiple
times after perfusion with PSML compare to 0 min (p<0.05).
Meanwhile, the LVEDP at 10 and 15 min in the PSML group
were higher, the HR and - dP/dz_at 5, 10, 15, and 20 min, the +

dP/dz  at 15 and 20 min were lower compared with the control

upward trend in

group, respectively (p<0.05) (Figure 3).
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FIGURE 2 — Images of post-hemorrhagic shock mesenteric lymph (PSML) perfusion on function of isolated hearts obtained

from normal rats. A) Control group. B) PSML group.
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FIGURE 3 — Role of post-hemorrhagic shock mesenteric lymph (PSML) perfusion on function of isolated hearts obtained
from normal rats (mean+SD, n=5). A) Change of left ventricular systolic pressure (LVSP) in isolated hearts. B) Change of left
ventricular end diastolic pressure (LVEDP) in isolated hearts. C) Change of heart rate (HR) in isolated hearts. D) Change of
+dP/dz_ inisolated hearts. E) Change of -dP/dz__in isolated hearts. *p<0.05 vs. the value at 0 min in the same group; “p<0.05

vs. the control group at the same time.
Discussion

Cardiac dysfunction following hemorrhagic shock has been
well described in the literature'>'*. However, the detailed mechanisms

remain further research. Based on our experimental studies
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implicating gut-derived factors carried in the mesenteric lymph
as contributing factors to myocardial damage after hemorrhagic
shock, we investigated the effects of PSML on cardiac function after
hemorrhagic shock, and found that PSML return is centrally involved

in hemorrhagic shock-induced cardiac dysfunction.
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The intestinal lymph pathway plays an important
role in organ injuries in severe pathological conditions, such as
hemorrhagic and traumatic shock and acute pancreatitis®!'>. The
report form Sambol ef al.® found that MLDL could prevent trauma/
hemorrhage shock-induced increases in LVDP and +dP/dr
of isolated hearts form trauma/hemorrhage shocked rats. In the
present study, we found that PSML drainage also could increase
the LVSP and +dP/d¢_ , which was consistent with the role of
MLDL on cardiac function. So that, the current results further
suggest that the PSML return is an important factor for cardiac
dysfunction subjected to hemorrhagic shock.

In order to further investigate the role of PSML on cardiac
dysfunction in vitro, we isolated hearts from normal rats, and
perfused the isolated hearts with 4% PMSL, observed the changes
of cardiac contractile function. The results showed that perfusion
with PSML induced a gradual decline in the LVSP, HR, and =dP/
d¢ levels, and an upward trend in LVEDP. Meanwhile, there
were significantly differences at multiple times between the control
and PSML perfusion. The roles of PSML perfusion decreasing
LVSP and +dP/d¢__levels were similar with hemorrhagic shock
induced decreases in LVDP and +dP/dz__ in vivo, which reported
by previous literature®. Therefore, these findings further indicated
that PSML return play a key role in the pathogenesis of abnormal
cardiac function following hemorrhagic shock.

At present, hemorrhagic shock-induced myocardial
contractile dysfunction is related to the inflammatory response,
and the myocardial depression is mediated by proinflammatory
mediators'®'®, Based on previous study implicating gut-derived
factors carried in the mesenteric lymph'*?°, as well as the
reduction of MLDL on inflammatory state in myocardium’,
we considered that gut-derived inflammatory factors might
be involved in PSML-induced cardiac dysfunction. However,
the detailed components resulted in the cardiac contractile
dysfunction contained in the PSML should be investigated in
the future.

It should be pointed out that the HR of isolated hearts
from hemorrhagic shocked rats was significantly increased than
that the sham group, which is inconsistent with the role of PSML
perfusion decreasing the HR of isolated hearts from normal
rats. Its reason might be related to the compensatory induced by
acute hemorrhage and the short observation time. Hence, further
research is needed in the future. In addition, the results of the
present study showed that there were no significant changes in the
control isolated hearts during the perfused period, indicating that
the Langendorff system employed in this research is stable and

applicable.

Conclusions

Post-hemorrhagic shock mesenteric lymph (PSML)
drainage improved the cardiac function of isolated hearts obtained
from rats following hemorrhagic shock, and PSML perfusion
caused cardiac contractile dysfunction of isolated hearts obtained
from normal rats. These results indicate that PSML is an important

contributor to cardiac dysfunction after hemorrhagic shock.
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